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Abstract 
The adsorption of Congo Red (CR) by ball-milled sugarcane bagasse was evaluated in an aqueous 
batch system.  CR adsorption capacity increased significantly with small changes in bagasse surface 
area. CR removal decreased with increasing solution pH from 5.0 to 10.0.  Maximum adsorption 
capacity was 38.2 mg/g bagasse at a CR concentration of 500 mg/L. The equilibrium isotherm fitted 
the Freundlich model and the adsorption kinetics obeyed pseudo-second order equation.  CR 
adsorption obeyed the intra-particle diffusion model very well with bagasse surface area in the range 
of 0.58-0.66 m2/g, whereas it was controlled by multi-adsorption stages with bagasse surface area in 
the range of 1.31-1.82 m2/g. Thermodynamic analysis indicated that the adsorption process is an 
exothermic and spontaneous process. Fourier transform infrared analysis of bagasse containing 
adsorbed CR indicated interactions between the carboxylic and hydroxyl groups of bagasse and CR 
function groups.   
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1. Introduction 
Large quantities of dye-contaminated effluents are produced annually worldwide from many 
industries including paper, tannery, paint and textile.  Removal of dye-based contaminants (some of 
which are toxic) is very difficult, as they are resistant to aerobic and anaerobic digestions, and are 
stable to light, heat and moderate oxidizing agents [1, 2].  Adsorption technology is considered as 
one of the most effective methods for the removal of dyes present in effluents [3].  Although 
activated carbon has proved to be the most effective adsorbent [4, 5], its production cost (up to US 
$1.3 – 20/kg) limits its wide application in dye-contaminated effluents [6].  As a consequence, efforts 
are being made to develop low cost adsorbents using lignocellulosic biomass, natural minerals (clays, 
zeolite, etc.) and their derivatives, and organism biomass and derivatives [1].   
Congo Red (CR) is a popular anionic diazo dye used in many industries [7].  It can be metabolized to 
benzidine, a known human carcinogen [5], and so its cost-effective removal from effluent is 
necessary.  A number of lignocellulosic materials including rice husk [8], cattail root [9], neem leaf 
[10], sunflower stalk [11], jute stick powder [12], orange peel [13, 14] and banana peel [14] have 
been studied for the removal of CR in aqueous systems.  Among these materials, only cattail root [9], 
sunflower stalk [11] and jute stick powder [12] gave acceptable adsorption capacities of >35 mg/g.  
The differences in the performance among these lignocellulosics may be related to their surface 
chemistry. One disadvantage of these materials is that they are not abundant, and harvest and 
transport will add to overall production cost.  One type of lignocellulosic materials that is abundant, 
is sugarcane bagasse. Sugarcane bagasse is in centralized locations in sugar manufacturing factories, 
and so is readily transportable.  Raymundo et al. [15] reported the use of sugarcane bagasse in 
percolated columns to remove CR from both synthetic CR solution and an effluent solution enriched 
with CR.  The results showed retention of ~64% and ~94% from these two solutions respectively.  
However, the maximum adsorption capacity was only 4.43 mg/g obtained with bagasse particles in 
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the range of 1.19 – 4.76 mm.  Surprisingly, lower adsorption capacities (< 4.0 mg/g) were obtained 
with smaller bagasse particles (sizes ≤ 1.19 mm).  The present work is a comprehensive study on CR 
adsorption by sugarcane bagasse.  The effects of operating parameters, including bagasse surface 
area, bagasse dosage, solution pH, CR concentration and working temperature, on CR adsorption 
were examined in aqueous solutions.  The adsorption capacity, isotherm, kinetics, thermodynamics, 
and adsorption chemistry were analysed and discussed.  
2. Methods  
2.1. Materials 
Sugarcane bagasse was collected from Racecourse Sugar Mill in Mackay, Queensland, Australia.  It 
was washed with copious amounts of distilled water to remove sugars and ash components and air-
dried to constant weight. Congo Red (CR) was purchased from Sigma-Aldrich Company.  A 2.5 g/L 
CR stock solution was prepared with MilliQ water.  Solutions of sodium hydroxide (0.1 M) and 
hydrochloric acid (0.1 M) were prepared with analytical reagent chemicals (Merck, Victoria, 
Australia). 
The air-dried bagasse was depithed by passing it through a wire mesh sieve of aperture size, 4 mm.  
This process resulted in the removal of the pith (i.e. parenchyma cells) component and some ash 
components. The depithed bagasse consisted of 42.9 wt% cellulose, 27.1 wt% hemicelluloses, 27.0 
wt% lignin and 0.4 wt% ash. Depithed bagasse was milled in a Retsch® SM100 mill (Retsch GmBH, 
Gernany) and screened through wire sieves with aperture sizes of 1.0 mm, 0.5 mm, 0.25 mm and 
0.125 mm.  Bagasse with particle sizes of 0.5 – 1.0 mm, 0.25 – 0.5 mm and 0.125 – 0.25 mm were 
collected and vacuum-dried at 45 °C for 24 h to remove moisture, and then kept in a desiccator 
before use.  A portion of bagasse particles in the 0.5-1.0 mm size range, that was not vacuum dried, 
was further processed in a planetary ball mill (Pulverisette 6, Frisch, Germany).  Ball milling was 
conducted at 300 rpm with cycles of a 10 min milling plus a 10 min pause.  The milled bagasse was 
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screened through a 0.25 mm sieve to remove large particles.  The milling times were 30, 60 120 and 
180 min resulting in four bagasse size ranges.  The screened bagasse powders were vacuum-dried at 
45 °C for 24 h and then kept in a desiccator before use. 
2.2. Characterization of bagasse 
The specific surface area of the bagasse samples was determined by using the established Brunauer-
Emmet-Teller (BET) method. Prior to specific surface area analysis, bagasse samples were degassed 
under vacuum at 105 oC to ensure complete removal of moisture. The specific surface areas were 
obtained by liquid N2 adsorption onto bagasse samples at 77 ± 0.5 K using a Gemini V2.00 surface 
analyser (Micromeritics, USA).  The error in the analysis was less than 0.03 m2/g. 
X-ray powder diffraction (XRD) analysis was used to estimate the crystallinity index (CrI) of the 
bagasse samples. A X-ray diffractometer (PANalytical, Netherlands) with Cu Kα radiation (λ = 
1.5418 nm) operating at voltage of 40 kV and a current of 40 mA.  The 2θ range was from 4° to 30 ° 
in steps of 0.02° at a rate of 2.6°/min. The CrI was estimated according to equation:  
I002 – Iam 
(1) CrI = 
I002  
where I002 is the intensity of the crystalline peak at 2θ in the range of 20 – 23°, Iam is the peak density 
of amorphous cellulose, hemicellulose and lignin at 2θ in the range of 16 – 19° considering the shift 
of peaks [16].  The error in the analysis was ~5% or less. 
Fourier transform infrared spectroscopy (FTIR) spectra of the samples were recorded between 4000 
cm-1 and 500 cm-1 using a Thermo Nicolet Nexus 870 system (Thermo Nicolet, US) with the 
processing software Omnic 7.3.   
The pH of the point of zero charge (pHpzc) of bagasse was measured using the pH drift method [17]. 
The pH of a solution of 0.01 M NaCl was adjusted between 3 and 11 by adding either HCl or NaOH. 
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Nitrogen was bubbled through the solution at room temperature (24 °C) to remove dissolved carbon 
dioxide until the initial pH stabilized. Bagasse powder (0.5 g) was added to 50 mL of the solution. 
The final pH was recorded after 24 h. The graph of final pH versus initial pH was used to determine 
the point at which initial pH and final pH values were equal. This was taken as pHpzc. 
2.3. Adsorption experiments 
Batch adsorption experiments were conducted in 250 mL shaker flasks containing 50 mL of known 
CR concentrations (adjusted to the desired pH with 0.1 M NaOH/HCl) and required amounts of the 
bagasse adsorbent.  For each test, the mixture was agitated at 150 rpm in a rotary Ratek OM 11 
Orbital Mixer (Australia). All the experiments were carried out for 24 h to ensure that adsorption 
equilibrium was attained.  Aliquots (0.5 mL) were withdrawn at different time intervals and 
centrifuged immediately at 10,000 rpm for 5 min. The supernatants were stored for CR concentration 
analysis. All the dye adsorption experiments were conducted in triplicate and the average value 
recorded.   
2.4. Dye concentration, dye removal capacity and adsorption capacity 
Dye concentration was determined colorimetrically by measuring the maximum absorbance at 497 
nm using a Cintra 40 UV-visible spectrophotometer (GBC Scientific Equipment, USA) for the pH 
range of 5.0 – 10.0. The amount of CR removed and the amount of CR adsorbed on per unit of 
adsorbent (qt) at the sampling time were calculated using the following equations: 
Ci – Ct  (2) CR removal (%) = × 100 
Ci  
Ci – Ct  (3) qt  = × V 
m 
where Ci is the initial dye concentration (mg/L),  Ct is the free dye concentration in the solution at the 
sampling time (mg/L), V is the volume of dye solution (mL) and m is the weight of adsorbent (g) 
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used.  When the adsorption reached equilibrium, the free dye concentration was defined as Ce and 
the amount of CR adsorbed on per unit of adsorbent was qe.   
3. Results and discussion 
3.1. Properties of bagasse samples  
Table 1 shows the physical properties of the bagasse samples. The surface area of the cutter grinded 
samples varied from 0.58 m2/g to 0.66 m2/g while that of ball-milled samples was increased to 1.31-
1.82 m2/g (Table 1). Balling milling not only increased the surface area, it also significantly reduced 
the crystallinity of the cellulose component as shown in Table 1.  The CrI of bagasse sample milled 
for 180 min was only 0.15 compared to ~0.6 of cutter grinded bagasse samples.    
3.2.  Effect of surface area 
The effect of surface area on the adsorption capacity of 10 g/L bagasse on CR (250 mg/L) at pH 7.0 
at 30 °C is shown in Fig. 1. Increasing bagasse surface area significantly increased the amount of CR 
removed.  After 24 h adsorption, the amount of CR removed with bagasse surface area of 0.58 - 0.66 
m2/g was less than 50% (Fig. 1). It reached 76% by bagasse milled for 30 min with a surface area of 
1.31 m2/g and improved to 91.1% by bagasse milled for 180 min with a surface area of 1.82 m2/g. 
There was no significant difference between the amount of CR adsorbed on bagasse milled for 120 
min (with a surface area of 1.72 m2/g) and that on the bagasse milled for 180 min. While decrease in 
crystallinity may have also contributed to an increase in adsorption capacity by providing more 
active sites, this is not evident comparing the results with the bagasse milled for 120 min and for 180 
min respectively. As there was minimum difference between the adsorption behaviors by using the 
bagasse samples milled for 120 min or 180 min, the bagasse sample milled for 120 min was selected 
for further study. 
3.3. Effect of bagasse dosage 
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The effect of bagasse (120 min ball-milled) dosage on CR adsorption was studied at 30 °C with 250 
mg/L CR solution (pH 7.0). The bagasse dosage ranged from 1 g/L to 20 g/L. As shown in Fig. 2 
increasing bagasse dosage from 1 g/L to 10 g/L significantly improved CR removal from 11.3% to 
89.9%. Further increase in bagasse dosage from 10 g/L to 20 g/L led to 98.3% in dye removal. 
Increased CR removal with increasing bagasse dosage is attributed to the increase of total adsorbent 
surface area and adsorption sites.  However, the adsorption capacity dropped from 27.8 mg/g to 12.3 
mg/g bagasse with increasing dosage from 5 g/L to 20 g/L.  The adsorption capacity increased only 
0.5 mg/g bagasse with decreasing bagasse dosage from 5 g/L to 1 g/L.  
3.4.  Effect of pH  
The effect of pH on dye adsorption was investigated at 30 °C with 250 mg/L CR solution and 10 g/L 
120 ball milled bagasse.  Experiments were carried out over a pH range of 5.0 – 10.0.  As shown in 
Fig. 3, 93.4% of CR was removed at pH 5, dropping to 84.7% at pH 10.  The pH of a solution affects 
the degree of ionization and speciation of the dye adsorbate and the overall surface charge of the 
adsorbent [7] .  At pH below the isoelectric point, a dye will exist predominantly in the molecular 
form, while above the isoelectric point, it will exist with a higher proportion in its dissociated form.  
The isoelectric point of CR is ~ 3 [18] and so CR would be netatively charged at the working pH 
range of 5.0 – 10.0. Bagasse being a lignocellulose material will contain mainly carboxyl and 
hydroxyl group, and its surface charge will have some dependence on the solution properties.  The 
pHpzc of bagasse was 5.0 as shown in Fig. 4. At pH 5.0, the charge of bagasse will be zero and above 
this pH, bagasse will be negatively charged. So the decrease in adsorption capacity of bagasse with 
increasing pH, in the present study, can be attributed to decrease in electrostatic attractions between 
CR and bagasse [9].  Decreasing CR adsorption with increasing solution pH has also been observed 
for jute stick powder [12], also a lignocellulosic material, and other adsorbents such as activated 
carbon [7], Ca-bentonite [19], perlite [17], rice husk ash [20], kaolin and zeolite [2].  However, 
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solution pH has limited effects on CR adsorption by other lignocellulosic biomass such as cattail root 
and neem leaf powder [9, 10].   
3.5. Effect of initial CR concentration 
CR adsorption experiments were carried out for 24 h at 30 °C with 10 g/L 120 min ball-milled 
bagasse. The CR solutions had initial concentrations from 100 mg/L to 500 mg/L. As shown in Fig. 5, 
the initial CR concentration had a significant effect on CR adsorption.  CR removal decreased 
slightly from 98.0 % to 97.0% with increasing CR concentration from 100 mg/L to 150 mg/L, but 
decreased significantly to 76.3% with further increasing CR concentration to 500 mg/L. The CR 
adsorption capacity increased almost linearly (r2=0.9927) with increasing CR concentration from 100 
mg/L to 500 mg/L. The highest adsorption capacity was 38.2 mg/L achieved at the highest initial CR 
concentration of 500 mg/. The positive linear relationship between adsorption capacity and CR 
concentration indicates the adsorption capacity can be further improved by either increasing initial 
CR concentration or decreasing bagasse dosage. 
3.6. Adsorption isotherm  
Two commonly used isotherm models, Freundlich [21] and Langmuir [22] isotherms were used to 
determine the adsorption isotherm. The applications of these two isotherms have been described 
elsewhere [2, 12].  
Freundlich isotherm is expressed as:  
(4) qe  = KFCe1/n 
Its linear form by taking logarithms is expressed as: 
1 
                                                                                                                     (5) logqe  = n logqc  + logKF 
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where KF  (mg1-1/n ·L1/n/g) is an indicator of the adsorption capacity and 1/n is the adsorption 
intensity [23]. Values of n > 1 represent favorable adsorption condition [23]. 
Langmuir isotherm is expressed as:  
qmKLCe 
qe =  (6) 
1 + KLCe 
Its linear forms are expressed as [24]: 
Linear Form 1, 
Ce 
qe = 
1 
KLqm 
+ 
Ce 
qm (7) 
Linear Form 2, 
= 1 qe 
1 
Ce 
1 
KLqm 
1 
qm + (8) 
Linear Form 3, 
qe  = 
qe 
KLCe 
– qm + (9) 
where qm is the maximum amount of adsorption with complete monolayer coverage on the adsorbent 
surface, and KL is the Langmuir constant related to the energy of adsorption (1/mg).  
Fig. 6 shows the Freundlich and Langmuir (Form 1) isotherms for CR adsorption by 120 min ball-
milled bagasse. Calculated parameters for Freundlich and Langmuir (Form 1) isotherms are shown in 
Table 2.  CR adsorption by ball-milled bagasse fitted the Freundlich model very well with r2 = 
0.9971, better than the Langmuir model (Form 1) with r2 = 0.9762.  When linear Forms 2 and 3 of 
Langmuir isotherm were used, the r2 values were only 0.9376 and 0.8311 respectively (data not 
shown). CR adsorption fitted the Freundlich isotherm very well, indicating that the adsorption 
process occurs on a heterogeneous surface [2].  A value of 3.00 obtained for n with the Freundlich 
isotherm represents favorable adsorption condition [23]. Our result on equilibrium isotherm was 
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different from previous studies, where CR adsorption by jute stick powder [12], cattail root [9] and 
sunflower stalk powder [11] obeyed Langmuir isotherm.  
3.7. Adsorption kinetics  
The adsorption kinetics was evaluated using both the pseudo-first order [25] and the pseudo-second 
order [26] models to determine the controlling mechanism of CR adsorption on to bagasse. 
Pseudo-first equation is expressed as: 
= k1(qe – qt) 
dqt 
dt (10) 
Linearised form of pseudo-first equation is expressed as: 
(11) 
Where k1 is the pseudo-first order rate constant (1/min). 
Pseudo-first equation is expressed as: 
(12) 
Linearised form of pseudo-second order is expressed as: 
(13) 
where k2 is the pseudo-second order rate constant (g/(mg·min)). The initial adsorption rate, h 
(mg/(g ·min)) at t = 0 is defined as h = k2qe2. 
Fig. 7 shows the kinetics of CR adsorption by using pseudo-first and pseudo-second order models.  
Kinetic parameters for pseudo-first and pseudo-second order models are shown in Table 3.  The 
adsorption kinetics didn’t fit the pseudo-first order model well with r2 less than 0.73 at the CR 
concentrations of 100 mg/L, 250 mg/L and 500 mg/L.  In contrast, the adsorption kinetics obeyed 
= t qt 
t 1 qe 
1 
k2qe2 
+ 
–  
k1t log(qe – qt) = logqe  2.303 
= k1(qe – qt)2 
dqt 
dt 
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pseudo-second order model very well with r2 close to 1.0. It has been observed that most CR 
adsorption kinetics fits pseudo-second order model [2, 9, 12].  The predicted qe values by pseudo-
second order model were 9.7, 21.7 and 35.6 mg/g adsorbent respectively for the adsorption with 100, 
250 and 500 mg/L CR, close to the experimental qe values shown in Table 3.  
Intra-particle diffusion kinetic model was also used to examine CR adsorption by bagasse.  The 
model is given by the equation [27]: 
qt = kidt0.5 + I (14) 
where kid is the intra-particle diffusion rate constant (mg/(g·min0.5)). Values of I give information 
regarding the thickness or boundary layer. A plot of qt against t0.5 should give a linear line.   
CR (250 mg/L) adsorption by cutter grinded bagasse with surface areas of 0.58 to 0.66 m2/g fitted 
the intra-particle diffusion model well (r2 = 0.93 – 0.99) (Fig. 8a). For these systems intra-particle 
diffusion is the rate-controlling process and leads to the suggestion that the physical attributes of 
bagasse play a role in its adsorption mechanisms. In contrast, CR adsorption plots by ball-milled 
bagasse with surface areas of 1.31-1.82 m2/g were not linear over the entire time range (Fig. 8b), 
suggesting that the adsorption model does not represent the CR/bagasse system.  Similar results were 
obtained by Hu and co-workers [9] for the removal of CR from aqueous solution by cattail root.  
However, by considering the linear regions of the plots, adsorption mechanisms can be proposed [28].  
As shown in Fig. 8b, the initial linear portion may be attributed to external surface adsorption, in 
which the adsorbate diffuses through the solution to the top surface of the adsorbent with a high rate 
of adsorption [2].  The second linear portion indicates a gradual CR uptake, where intra-particle 
diffusion is rate-controlling [2].  The third or final linear portion refers to the equilibrium stage in 
which adsorption is slow due to the saturation of adsorbent’s functional sites by dye. 
3.8. Thermodynamic study 
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Thermodynamic study on CR adsorption was studied in a temperature range of 30 – 50 ºC with 250 
mg/L CR and 10 g/L of bagasse milled for 120 min. Increasing the temperature from 30 ºC to 50 ºC 
reduced CR removal from 89.9% to 83.0 (Table 4).   
Thermodynamic parameters such as the changes in the standard free energy (ΔG°), the enthalpy (ΔH°) 
and the entropy (ΔS°) associated with the adsorption process can be determined using the rate 
equation (13) and the van’t Hoff equation (14).  The rate equation can be expressed as: 
ΔG° = – RTlnKC (15) 
and the van’t Hoff equation as: 
lnKc = + 
ΔS° 
R 
– ΔH°   R 
1 
T 
(16) 
where KC is the ratio of the equilibrium concentration of the dye ions on adsorbent to the equilibrium 
concentration of the dye ions in solution. R is the ideal gas constant (8.314 J/(mol·K)) and T is the 
adsorption temperature in Kelvin.  
A plot of lnKC versus 1/T should give a straight line from where (ΔH°) and (ΔS°) can be obtained, 
and ΔG° calculated. Table 4 gives the results of these thermodynamic parameters. An adsorption 
process is generally considered as physical if ΔH° < 84 kJ/mol and as chemical when ΔH° lies 
between 84 and 420 kJ/mol [18]. The ΔH° for the present study is –24.25 kJ/mol, indicating that CR 
adsorption on bagasse is likely a physical process. The negative ΔH° value reveals that the 
adsorption process is exothermic [2]. The negative values of ΔG° obtained at 30, 40 and 50 oC 
indicate that the adsorption of CR on bagasse is spontaneous in nature [9], and the shift of ΔG° from 
–5.5 to –4.2 kJ/mol with decreasing the temperature is indicative of a rapid and more spontaneous 
adsorption process at the lower temperature [9].  The negative ΔSo indicates a decrease in 
randomness at the solid/solution interface and that no marked changes occur in the internal structure 
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of bagasse through the adsorption process [29]. These observations are in line with the previous 
reports on CR adsorption on cattail root [9]. 
3.9. FTIR spectra 
The adsorption of CR on bagasse was also affected by other interactions between functional groups 
of CR and bagasse in addition to electrostatic interaction. FTIR analyses were conducted in order to 
identify possible locations for these interactions. Fig. 9 shows the FTIR spectra of CR, bagasse and 
bagasse after adsorption of CR  FTIR spectra of bagasse (Fig. 9a-(1)) show the broad band centred 
between 3100 cm-1 and 3400 cm-1 ( hydrogen bonded OH), the band at 2893 cm-1 (– CH2 asymmetric 
and symmetric stretching), the peak at 1731 cm-1 (associated with C-O carbonyl), the peaks at 1600 
cm-1 and 1514 cm-1 (associated with the aromatic ring of lignin) and the large peak at 1030 cm-1 
(associated with the C-O bond stretching of cellulose) [30].  FTIR spectra of CR (Fig. 9a-(3)) show 
peaks at 3460 cm-1 (N-H stretching), 3071 cm-1 for (-OH stretching), 1587 cm-1 (N=N stretching), 
1446 cm-1 (aromatic C-C stretching), and 1354 cm-1 (S-O stretching) which are more or less identical 
to that reported in the literature [31].  The main observable difference between the FTIR spectra of 
bagasse and the FTIR spectra of the bagasse containing CR, after normalization, is a reduction in the 
intensities for bands in the region between 1600 cm-1 and 1731 cm-1 as a result of CR adsorption (Fig. 
9b).  The diminished band intensities after adsorption observed in this study have also been observed 
by other workers [17, 18] and may be due to interactions between the carboxylic acid and OH groups 
of bagasse and the sulfonic acid groups of CR.  The slight change in the shape of the broad band in 
the region between 3100 cm-1 and 3400 cm-1 after adsorption may also be associated with –OH group 
interactions between bagasse and CR. 
4. Conclusions 
Ball-milled sugarcane bagasse has been found to be efficient in the removal of CR.  The adsorption 
capacity of bagasse increased with increasing surface area. The maximum adsorption capacity within 
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the studied CR concentration range (100 – 500 mg/L) was found to be 38.2 mg/g bagasse. 
Adsorption isotherm analysis showed that the Freundlich model could describe the physical 
adsorption process very well.  The adsorption kinetics obeyed pseudo-second order model. The 
controlling mechanism of CR adsorption onto bagasse depended on bagasse particle sizes (surface 
area). The adsorption process was exothermic and could take place spontaneously. 
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Figures and Tables 
Figures 
Fig. 1 Effect of bagasse surface area on CR adsorption 
Fig. 2 Effect of bagasse dosage on CR adsorption 
Fig. 3 Effect of solution pH on CR adsorption 
Fig. 4 Point of zero charge of bagasse milled for 120 min 
Fig. 5  Effect of initial CR concentration on adsorption 
Fig. 6 Adsorption isotherm by using (a) Freudlich model and (b) Langmuir model 
Fig. 7 Adsorption kinetics by using (a) pseudo-first order equation and (b) pseudo-second order 
equation 
Fig. 8 Intra-particle diffusion model for adsorption of CR on (a) cutter grinded bagasse and (b) ball-
milled bagasse  
Fig. 9 FTIR spectra of (a)  bagasse (1), CR-adsorbed bagasse (2), and CR (3) in the range of 4000 
cm-1 to 500 cm-1, and (b) bagasse (1), CR-adsorbed bagasse (2) in the range of 1800 cm-1  to 
1400 cm-1  
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Tables 
Table 1. Properties of bagasse samples 
Table 2. Isotherm parameters of CR adsorption for Freundlich and Langmuir models  
Table 3. Kinetic parameters of CR adsorption for pseudo-first order and pseudo-second order models 
Table 4. Thermodynamic parameters of CR adsorption by bagasse 
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Table 1 
Surface area (m2/g) Bagasse Crystallinity index 
Cutter grinding  
0.5 mm < D < 1.0 mm 0.58 0.61 
0.25 mm < D < 0.5 mm 0.60 0.63 
0.125 mm < D < 0.25 mm 0.66 0.64 
Ball milling  
30 min 1.31 0.51 
60 min 1.56 0.40 
120 min 1.72 0.26 
180 min 1.82 0.15 
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Table 2 
Initial 
CR  
  Freundlich  Langmuir (Form 1) qe (exp)   
  (mg/g) r2 r2 qm (mg/g) KF n KL    (mg/L) 
100 9.8   
250 22.5 7.66 3.00 0.9971 0.08 39.8 0.9762  
500   38.2    
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Table 3 
Initial 
CR 
Pseudo-first order Pseudo-second order qe (exp) 
(mg/g) (mg/L) qe1 k1 r2 qe2 h k2 r2 
100 9.8 1.3 0.008 0.6044 9.7 6.69 0.071 1.0000 
250 22.5 6.2 0.007 0.6904 21.7 5.56 0.012 0.9998 
500 38.2 14.8 0.005 0.7233 35.6 5.65 0.004 0.9993 
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 Table 4 
ΔG° 
(kJ/mol) 
ΔH° 
(kJ/mol) 
ΔS° 
(J/(mol·K) 
CR removal 
(%) T (°C) 
30 89.9 -5.50 
40 87.8 -24.25 -5.13 -61.59 
50 83.0 -4.26 
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Figure 5 
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Figure 6 
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Figure 8 
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Figure 9 
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